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CONVERSION FACTORS

For use of readers who prefer to use metric (International System) units,
conversion factors for inch-pound units used in this report are listed below:

Multiply inch=pound unit By To obtain metric unit

inch (in.) 25.4 millimeter (mm)

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

gallon per minute 0.06308 liter per second
(9al/min) (L/s)

million gallons per day 0.04381 cubic meter per second
(Mgal/d) (m3/s)

Sea level: 1In this report "sea level" refers to the National Geodetic
Vertical DAtum of 1929 (NGVD of 1929)=--a geodetic datum derived from a general
adjustment of the first-order level nets of both the United States and Canada,
formerly called "Mean Sea Level of 1929."



GEOHYDROLOGY AND SUSCEPTIBILITY OF MAJOR AQUIFERS
TO SURFACE CONTAMINATION IN ALABAMA; AREA 6

by Sydney S. DeJarnette and Jo E. Crownover

ABSTRACT

The major aquifers in the study area (defined as those with actively
pumped public supply wells) are the Coker, Gordo, Eutaw, and Nanafalia
aquifers, The recharge areas for these aquifers are in Tuscaloosa, Pickens,
Greene, Sumter, and Marengo Counties., The aquifers underlie most of the study
area and consist of sand and gravel beds. Water in the aquifers usually
occurs under artesian conditions.

The Coker aquifer is the source of public water supplies for the towns of
Coker and Gordo, and for the Buhl-Elrod-Holman Water System in Tuscaloosa
County. The Gordo and Eutaw aquifers are sources of public water supplies in
Pickens, Greene, and Marengo Counties. The Nanafalia aquifer is the source of
public water supplies for the towns of Sweetwater and Myrtlewood in Marengo
County.

Depressions in the potentiometric surface have developed around Demopolis
in the Gordo and Eutaw aquifers partly as a result of ground-water withdrawals.
Other depressions and troughs have formed along the major rivers because of
ground-water discharge to the rivers.

All the recharge areas for the major agquifers are susceptible to surface
contamination throughout most of the study area; however, the recharge areas
are in rural settings that are used for timberlands, farms, and pastures.,
Usually, the depth to the water-bearing zone tapped by a well and the hori-
zontal distance from the outcrop to the well provide a buffer from surface
contamination.

Other potential areas susceptible to surface contamination are the
permeable terrace and alluvial deposits along major river flood plains, if the
potentiometric surface in the underlying aquifer has been depressed. The
alluvial deposits are usually in areas of discharge, but if pumpage has caused
a depression in the potentiometric surface of the underlying aquifer, the
alluvial aquifer will become a source of recharge, allowing water to infiltrate
through the alluvium into the underlying aquifer.



INTRODUCTION

The Alabama Department of Environmental
comprehensive program to protect aquifers in
tion that are defined by the U.S. Environm
"Class I and II" aquifers (U.S. Environmenty
U.S. Geological Survey, in cooperation with
geohydrologic studies to delineate the major
in Alabama. This report delineates rechar
hydrology of the major aquifers in Greene
Tuscaloosa Counties (see plate 1).

The dependence on ground water in this
Alabama is not represented accurately in thi
public supply wells. Most of the area is d
which are numerous throughout the area.
pumping from the aquifers termed major aquife

Purpose and Scope

Management (ADEM) is developing a
Alabama from surface contamina-
ental Protection Agency (EPA) as
1 Protection Agency, 1984). The
ADEM, is conducting a series of
aquifers and their recharge areas
ge areas and describes the geo-

y Marengo, Pickens, Sumter, and

five-county area of west-central
s inventory, which is limited to
endent on domestic supply wells,

e
Di;estic wells are not 1limited to

rs for purposes of this report.

The purposes of the report are to delineate recharge areas and to describe

the major aquifers in the study' area,
recharge areas that are most susceptible to
Previously-compiled geologic and hydrologic

the data used to evaluate the major aquifers|in the area.

municipal and rural public water supplies w
were measured in these wells where possible.
during the well inventory. Water-level data
potentiometric maps of the aquifers. Areas

and to delineate areas within the

contamination from the surface.

All wells used for
re inventoried, and water levels

Data on water use were compiled
ere used to construct generalized
usceptible to contamination from

Jdata provide about 75 percent of

the surface were delineated on the basis of information from topographic maps,

other available data, and from field investig

Location and Extent of

ation.

| the Area

The study area is in west-central Alaba

4,746 mi (square miles). The area includes
of Eutaw, Demopolis, Linden, Thomaston, Ali
York, and numerous other small towns and comm

the area was 211,998 in 1980
Affairs, 1984). The area is partly urban,

a and comprises an area of about

l£he city of Tuscaloosa, the towns

Carrollton, Livingston,

keville,
The total population of

nities.

(Alabama Department of Economic and Community

rtly suburban, and partly rural.

A large part of the area is dependent on ground water.

Physical Features

The study area includes parts of several
The southeastern part of Tuscaloosa County

Valley district of the Alabama Valley and Ridge physiographic section

and Emplaincourt, 1975). This area is charac

ridges and valleys.

physiographic districts (fig. 1l).

is in the Birmingham=Big Canoe
(Sapp
terized by northeastward-trending
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Figure 4.--Potentiometric surface of the Tuscaloosa aquifer, fall 1982.



Formation (Conant and Monroe, 1945), but for the purposes of this report it is
combined with the FEutaw Formation and forms/ the Eutaw aquifer (Newton and
others, 1961).

The Eutaw is the most extensively used aquifer in the study area; it is
pumped in downdip areas where it is overlain by the Mooreville and Demopolis
Chalks (discussed below) in addition to its outcrop area. The towns of Eutaw,
Boligee, Forkland, Demopolis, Linden, and Thomaston pump from the Eutaw.

Mooreville Chalk

The Mooreville Chalk overlies the Eutaw Formation, and crops out in south-
western Pickens County, northern Sumter County, and central Greene County
(fig. 2). The Mooreville consists of about 400 to 420 feet of chalk,
calcareous clay, sandy clay and limestone., The Arcola Limestone Member of the
Mooreville, at the top of the unit, consists of two to four thin beds of lime-
stone separated by clay and sandy clay. The Mooreville Chalk is relatively
impermeable and is not a source of water in the study area. The chalk is an
upper confining layer for the upper Eutaw aquifer. However, the Mooreville
and the overlying Demopolis Chalk and Ripley Formation are extensively faulted
in parts of Sumter and Marengo Counties (see fig. 2), which may allow water to
move through the chalk.

Demopolis Chalk
The Demopolis Chalk overlies the Moore‘ille Chalk, and crops out in
extreme southwest Pickens County, northern Sumter County, and northern Marengo
County (fig. 2). The Demopolis consists of about 400 to 440 feet of chalk,
calcareous clay, and sandy clay. It is relatively impermeable and is not an
aquifer in the study area.

|
Ripley Formation

The Ripley Formation overlies the Demopolis Chalk and crops out in
central Marengo and Sumter Counties (fig. 2). The Ripley Formation consists
of fine grained fossiliferous calcareous clayey sand. The lower part locally
contains thin beds of calcareous sandstone, The formation ranges in thickness
from 150 to 220 feet in the study area. The Ripley is a minor aquifer in the
study area.

Prairie Bluff Chalk

The Prairie Bluff Chalk overlies the Ripley and crops out in a narrow
belt at the southern margin of the Ripley Formation in Sumter and Marengo
Counties. It consists of fossiliferous sanéy chalk and clay and generally
ranges in thickness from 60 feet in Sumter County to 10 feet in Marengo County.
The Prairie Bluff is relatively impermeable, and is not an aquifer in the
study area.
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Tertiary Formations

Tertiary deposits in the study area are limited to the Clayton, Porters
Creek, and Naheola Formations of the Midway Group and the Nanafalia and
Tuscahoma Formations of the Wilcox Group.

Clayton and Porters Creek Formations

The Clayton Formation overlies the Prairie Bluff Formation in Sumter and
Marengo Counties. It consists of silty calcareous clay, clayey sandstone, and
silty chalk in Sumter County; and sandy chalk and calcareous clayey sand in
Marengo County. The Porters Creek Formation overlies the Clayton Formation
and crops out in a belt southwest of the Clayton in central Sumter and Marengo
Counties. The Porters Creek consists of massive gray marine clays. The clay
produces a low-lying topography called the "Flatwoods." The combined thickness
of the Clayton and Porters Creek Formations in Sumter and Marengo Counties is
270 to 370 feet, Neither unit 1is a major aquifer in Sumter or Marengo
Counties.

Naheola Formation

The Naheola Formation overlies the Porters Creek Formation and crops out
southwest of it in Marengo and Sumter Counties, It consists of fine- and
coarse-grained sand, silty clay, and beds of lignite. It is about 120 feet
thick and is not a major aquifer in the study area.

Nanafalia Formation

The Nanafalia Formation crops out southwest of the Naheola Formation in
Marengo and Sumter Counties. It consists of sand, sandy marl, sandy clay, and
lignite. The Nanafalia is about 150 to 200 feet thick in Sumter and Marengo
Counties and is tapped by the city wells of Myrtlewood and Sweetwater in
southern Marengo County.

Tuscahoma Formation

The Tuscahoma Formation crops out in southernmost Marengo County and
southwestern Sumter County. The contact with the overlying Hatchetigbee
Formation lies outside the study area to the south. The Tuscahoma consists of
about 275 feet of clay, fine- to coarse-grained sand, and fossiliferous
glauconitic marl. It is not a major aquifer in the study area.

Quaternary Deposits

Quaternary alluvial deposits overlie older formations throughout a large
part of the study area (fig. 2). These deposits, which underlie flood plains
of present and ancestral large streams, consist mainly of gravel, sand, silt,
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and clay. Alluvial deposits along the flood |plains of the Black Warrior,
Sipsey, and Tombigbee Rivers are shown on the geologic map (fig. 2). Remnants
of older alluvial deposits (usually mapped as high terrace deposits) are not
shown on the geologic map, but form relatively| flat uplands in several parts
of the study area. The alluvial deposits generally range in thickness from
30 to 60 feet. They are not a major aquifer in 'the study area.

HYDROLOGY OF THE MAJOR AﬁUIFERS

The major aquifers in the study area are| sand and gravel beds in the
Coker, Gordo, Eutaw, and Nanafalia Formations. Water in these aquifers occurs
under artesian conditions in most parts of the study area. Municipal wells
that tap the major agquifers are shown in table 2 and their locations are shown
on plate 1.

Recharge and Movement of Ground Water

Rainfall, which averages about 50 inches per year, is the source of
recharge to the major aquifers. A large part of the rainfall runs off during
and directly after rainstorms or is returned to the atmosphere by evaporation
and transpiration of trees and other plants; a small part infiltrates to the
water table to recharge aquifers. The recharge area for the Coker aquifer is
mainly in Tuscaloosa County; the Gordo aquifer mainly in Pickens and Tuscaloosa
Counties; and the Eutaw aquifer in Pickens and Greene Counties. The recharge
area for the Nanafalia aquifer is in Sumter and Marengo Counties (see plate 1).
These recharge areas consist largely of rolling' sandhills, parts of which are
wooded and parts cultivated. In Tuscaloosa and Pickens Counties remnants of
high terrace deposits overlie significant parts'of the recharge areas. These
terrace remnants form relatively flat, permeable landscapes that impede runoff
and probably increase recharge to the aquifers. | Alluvial deposits overlie the
major aquifers along the flood plains in the Black Warrior, Sipsey, and
Tombigbee Rivers. These permeable deposits may provide increased recharge to
the aquifers. Water moves downdip from areas of recharge to areas of natural
discharge or areas of ground-water withdrawals, generally perpendicular to the
potentiometric contour lines shown on figures 4, 5, and 6.

Natural Discharge and Ground-WatJr Withdrawals

The aquifers discharge through seeps and springs to provide the base (dry
weather) flow of streams. Discharge to the rivers also occurs where streams
are entrenched into the aquifers. Discharge to streams can occur by upward
leakage through the confining unit between aquifers or by passing through
fractures in the Mooreville and Demopolis Chalks| (Gardner, 1981). Most of the
remainder of the discharge is through wells. |The largest pumping center in
the study area is the city of Demopolis. 1In 1985, it was estimated to pump
1.3 Mgal/d (million gallons per day). The other pumping centers in the study
area pump less than 1 Mgal/d each.

12
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Wells are used for domestic, stock, industrial, and irrigation purposes.
The amount of water used for these purposes was estimated to be 7.7 Mgal/d in
1982 (Baker, 1983). A significant amount of water is lost from the aquifers
through flowing artesian wells. For example, about 3.2 Mgal/d was discharging
through wells that flow in Tuscaloosa County in 1958 (Miller and Causey,
1958); about 2.7 Mgal/d in Greene County in 1965 (Wahl, 1966); about 2 Mgal/d
in Pickens County in 1963 (Wahl, 1965); and more than 1 Mgal/d in Marengo
County in 1961 (Newton and others, 1961). Many wells which formerly flowed
have ceased to flow as a result of lowering of the potentiometric surface of
the aquifers,

Effects of Withdrawals from the Aquifers

Long~-term withdrawals of water from the major aquifers have resulted in
lowering of the potentiometric surface and formation of depressions on the
potentiometric surface of water in the aquifers. Depressions have formed in
the Coker and Gordo aquifers (fig. 4) at Demopolis and in the vicinity of the
Black Warrior River south of Tuscaloosa. A depression also exists at Demopolis
in the Eutaw aquifer (fig. 5). The depressions at Demopolis are partly a
result of pumping in both aquifers there. However, these and the depression
on the Black Warrior River and the trough-like depression in the Nanafalia
aquifer along the Tombigbee River (fig. 6) also reflect natural discharge to
the rivers.

SUSCEPTIBILITY OF THE AQUIFERS TO SURFACE CONTAMINATION

All recharge areas for the major aquifers in the study area are suscep-
tible to surface contamination (plate 1). However, throughout most of the
study area the recharge areas are in rural settings that are used for timber-
lands, farms, or pastures, Usually, the depth of the water-producing zone
being tapped and its horizontal distance from the aquifer outcrop provide some
buffer from surface contamination (table 2). Shallow wells in outcrop areas
are more susceptible, but none are considered highly susceptible. The areas
most susceptible to future contamination are the flood plains of the Black
Warrior, Sipsey, and Tombigbee Rivers, which are underlain by terrace and
alluvial deposits that are in hydraulic connection with the major aquifers.

The recharge areas of the minor aquifers (the Paleozoic rocks, the
Ripley, Naheola, and Tuscahoma Formations) are also susceptible to contamina-
tion from the surface. However, they are not included in the susceptible area
on the map because they do not contain actively pumped public supply wells
within the study area. Some of these aguifers, notably the Paleozoic lime-
stone, contain public supply wells outside the area in neighboring counties,
and are potential sources of public supply within the study area. For
instance, the Paleozoic limestone is recharged in Tuscaloosa County and is
the source of public supply for the city of West Blocton in adjacent Bibb
County.
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The terrace and alluvial deposits overlie and recharge the major aquifers
along major streams in the study area. The allluvial sediments permit water to
move downward from the land surface to the aquifers, especially areas where
the potentiometric surfaces in the aquifers being recharged have been lowered
by pumpage. In the study area, the depressSions formed by pumpage on the
potentiometric surfaces of the major aquifers are not in direct contact with
alluvial aquifers. Figures 4 and 5 show depressions in the potentiometric
surface of the Tuscaloosa and Eutaw aquifers at Demopolis. Figure 2 shows the
alluvium that overlies the Mooreville and Demopolis Chalks near Demopolis.
The chalk between the Eutaw aquifer and the| alluvial aquifer should retard
vertical movement of water or contaminants in ‘his and similar areas. However,
it has been determined by Gardner (1981) that water moves up from the
Tuscaloosa and Eutaw aquifers through fractures in the chalk. Therefore, if
pumping at Demopolis or similar areas lowers the potentiometric surface
sufficiently, water and possible contaminants could flow downward from the
alluvial aquifer to the Eutaw aquifer below. ’

SUMMARY AND CDNCLUSIPNS

The major aquifers in the study area (defined as those with actively
pumped public supply wells) are the Coker, Gordo, Eutaw, and Nanafalia
aquifers. The recharge areas for these aquifers are in Tuscaloosa, Pickens,
Greene, Sumter, and Marengo Counties. The aquifers underlie most of the study
area and consist of sand and gravel beds. . Water in the aquifers usually
occurs under artesian conditions.

The Coker aquifer is the source of public! water supplies for the towns of
Coker and Gordo, and for the Buhl—Elrod—Holhan Water System in Tuscaloosa
County. The Gordo and Eutaw aquifers are sources of public water supplies in
Pickens, Greene, and Marengo Counties. The Naaafalia aquifer is the source of
public water supplies for the towns of Sweetwater and Myrtlewood in Marengo
County.

Depressions in the potentiometric surface have developed around Demopolis
in the Coker, Gordo, and Eutaw aquifers, partly as a result of ground-water
withdrawals. Other depressions and troughs haﬁe formed along the major rivers
because of ground-water discharge to the riverr.

All the recharge areas for the major aquifers are susceptible to surface
contamination throughout most of the study area; however, the recharge areas
are in rural settings that are used for timberlands, farms, and pastures.
Usually, the depth to the water-bearing zone  tapped by a well and the hori-
zontal distance from the outcrop to the well provide a buffer from surface
contamination.

Other potential areas susceptible to| surface contamination are the
permeable terrace and alluvial deposits if the potentiometric surface in the
underlying aquifer has been depressed. The alluvial deposits are usually in
areas of discharge, but if pumpage has caused a depression in the potentio-
metric surface of the underlying aquifer, the alluvial aquifer will become a
source of recharge.
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Table 1.--Ceneralized section of geologlc formations In the study area, and their water-bear!ing properties

Era- System Serles Group Geolfogic unlt Thickness

(1)

Ltthology

Water=bearing propert!es

Quality of water

0=-60

Clay, siit, sand, and
grave!

Supplies water to shallow dug weils
and driven we!ls in the f!ood
plains of the major streams and
rivers, Adjacent to major streams,
where Induced recharge !s possible,
targe quantities of water can be
withdrawn from these beds.

Water is soft and generally has
a chloride content of less than
41 mg/L. Locally contalns iron
In excess of 0.3 mg/L.

100

Clay, sitt+, sand, and
gravel

Will yield 10 gal/min or more to
individuai weiis where saturated
sands are of sufficient thickness,

275

Sand, crossbedded;
faminated siltty clay
and sand; fine-gralined
glauconitic beds of
sand; two sandy glau=-
conttic toss!ititerous
mar! zones near the
middie of the
formation

Upper part of formation is a falr
aqulfer, Sand beds In fower parts
of formation are good aqulfers and
supply water for domestic and

farm use,

Water Is soft to hard, generatly
has a chloride content of less
than 250 mg/L, and may locally
have an Itron content in excess
of 0.3 mg/L,

150-200

Interbedded clay,
claystone, and glau=
conftic sandy fossiie
{ferous marl; cross-
bedded mlcaceous sand
and thin-bedded sandy
st1t in fower 5 to 50
\ai

Yery good aquifer; supplies water
to many drilied artestan wells
south of the area of outcrop of
the formation,

Water generaliy is soft to hard
and contalns less than 700 mg/L
dissolved solids and 100 mg/L
chloride, Llocally, water con=
talns iron in excess of 0,3
mg/Le

120

Sand and sandy mari;
fine- to medium=-
grained, glaucon!tic
In upper 10=-30 ft;
fine-grained Inter-
laminated sand and
siity clay and beds
of fine-grained sand
In lower 70 to 90 f+

Upper sand beds yleld smali supply
of water to dug wells and a few
dritied weils for domestic and farm
use, Lower part of formation is
reiatively impermeable and Is not
known to yield water to welis in
the area,

Water generaliy Is sott and
conteins tess than 45 mg/L
chioride, Locally, water con=
talns Iron In excess of 0,3
mg/Le

Mari, fossiilferous
in upper 25 $t+;
massive clay, slity
sand, sandstone, and
massive calcareous
clay In fower 175 ft

Relatively impermeable and not an
aquifer, A few dug wells in the
outcrop area of formatlon tap
water In upper weathered zone,.
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70-170

Limestone, chalky,
argi | lacecus In upper
20 to 40 ft; sandy
fossiilferous fime-
stone; med!um-gralned
mlcaceous sand, and
calcareous mlcaceous
sandy silt In lower
part

Wells developed in weathered
sandy fimestone beds in this
formation may supply adequate
water of moderate hardness for
domestic and farm use,

Water is generally soft to
moderately hard and low In
dissolveld solids and chioride
contents,

20



Table 1,-—Generallzed section of geologlc formations In the study area, and thelr water-bearing propertlies (contlinued)

Era- System Serles Group Geologlc unlt Thickness

them

Lithology

Water=bearing propertles

Quallty of water
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St ity and sandy fos=
sll1ferous chalk and
calcareous clay

Relatively Impermeable; not a
source of water.

Flne= to coarse~
gralned glauconltic
sand, sandy fossi||=
ferous clay and thin
beds of fossl||terous
calcareous sandstone
and sandy limestone

Because these beds are flne~

Water genereily Is soft to

gralned and mlcaceous, the develop- moderately hard and contalns

ment of wells |s sometimes
difflcult,

less than 250 ma/L chloride and
1,000 mg/L dissolved sollds.
Local ly, water contalns Iron In
excess of 0.3 mg/L.

Fossllilferous chalk;
sandy slity fossl|l=
ferous chalk, and
shity fossll|ferous
calcareous clay

Relatively Impermeahble; not a
source of water supply,

Upper 10 to 20 ft
conslists of beds of
dense iImestone about
1 ft thick seperated
by fossl||terous
sandy chalk; |ower
part conslsts of
fossliiferous slity
to flne sandy chalk
and calcareous sandy
fossl || ferous clay

Relatively Impermeable; not e
source of water supply,

Upper part conslists

of medlum-gralned
crossbedded glauco~
nltic sand |nterbedded
with slity clay; lower
part consists of
medlum to very coarse
gralned gleuconitic
sand Interbedded with
Iaminated to thine
bedded mlcaceous

sandy clay

Wil yleld 2 Mgel/d or more to
Indlvidual wells, Excellent
aqul fer,

Soft to hard but generally Is
soft to moderately hard, Iron
In excess of 0,3 mg/L In some
locatlons, Contalns less than
250 mg/L of dissolved sollids In
Its northern extent, Increas-
Ingly higher to the south,
Chlorlde content exceeds 1,000
mg/L In the southern part of
the aqulfer,
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Poorly sorted coarse-
gralned sand and chert
gravel In lower part
of formatlon; upper
part consists of lami=
nated to masslve clay
and lentlcular sand
beds

Wil) yleld ) to 2 Mgal/d or more
to Indlviduel wells, Excel lent
aqul fer,

Soft to moderately hard and
contalns less than 200 mg/L of
dissolved sollds, Commonly
contelns lron in excess of 0.3
mg/L. May be sufficlently
minerallized In the southern
extent of the aqul fer to be
objectionable to other uses,

Sand, very flne to
coarse gralned; basal
sand 100 to 200 ft
thick and |s generally
gravelly, Pertly car=
bonaceous sandy clay

Potentlal source of 1 Mgal/d or
more to indlvidual wells.
Excei lent aqulfer,

Soft to hard and contalns less
than 250 mg/L of dissolved
sollds In northern part of the
aqulfer, May be sufflclently
minerallzed to be objectlonable
for some uses In the southern
extent of the aqulfer, Iron
levels often exceed 0.3 mg/L.

Pennsy Ivenlan

Sandstone, sllitstone,
end shale, |nterbedded
wlth conglomerite,
coal, and underclay;
orthoquartzite at the
base and subgraywacke
at the top, Shale,
sllty; numerous cosl
beds and underclays

Water occurs In jolnts, frec=
tures, and bedding planes; ylelds
suffliclent for domestic use; no
large capaclty wells have been
drilled In the study area,

Sott to hard., Iron content may
exceed 0.3 mg/L,
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Mississipplan
to
Cambrlen

(ft)
Prairle 10-60
Bluft
Chalk
Ripley 150200
Formatlon
Demopol |s 0-440
Chalk
Moorevllle 0-420
Chalk
Eutaw 0-400
Formatlon
(Includes McShan
Formation)
Gordo 0-400
Formatlon
Coker 0-1,000
Formatlon
Pottsville 2,800+
Formatlon
Floyd Shale, 1,000+
Fort Payne

Chert, Little
Oak LlImestone,
Newala Lime-
stone, Longvlew
Limestone,
Knox Dolomlte
(part), Blbb
Dolomite,
Ketona
Dolomite, and
Brierfleld
Dolomlte

Dofomite, I(imestone,
chert, and shale

Potentlal source of (arge water
supplles from |Imestones and
dolomltes; no large~capaclty
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